Comparative cytogenetic data concerning the ortholog to human chromosome 4 in primates shows that this 10 chromosome is conserved between humans and non-human primates. However, the degree of conservation is not 11 as high as previously estimated. In primates it is a large submetacentric chromosome but many exceptions are 12 known especially in taxa characterized by a high level of chromosomal rearrangements. The rearrangements that 
Introduction 32
Molecular cytogenetics by chromosomal painting provides a tentative reconstruction of ancestral 33 genomes for the major branching of Mammals trees. Starting from the proposed ancestral genome of 34 reconstruct the most important steps leading to the formation of human chromosomes over the last 100 1 million years (Stanyon et al. 2008 ). However, chromosome painting gives considerable data on inter-2 chromosomal rearrangements (translocations) but the knowledge of intra-chromosomal rearrangements 3 in the different lineages remains limited. This creates several problems on interpretation of results 4 applied to phylogeny. Intrachromosomal rearrangement can be hypothesized through the study of 5 classical cytogenetics data such as G-band patterns and can be confirmed, at the molecular level, using 6 subchromosomal probes (Sineo et al. 2007 (Yang et al. 2003) . 28 The ortholog to human synteny 4 in the ancestral primate karyotype is derived from the fission of 29 the ancestral 4/8 association. In Primates, the HSA 4 homolog has been considered a conserved single 30 submetacentric chromosome (Haig et al. 1999 ), but many exceptions are known especially in taxa 31 characterized by a high level of chromosomal rearrangements such as Strephirrhini (Nie et al. 2006 In order to refine the dynamic of human synteny 4 in Primates, we hybridized a panel of sub-3 chromosomal specific probes, (arm probes, BACs and single locus probes) on the orthologous to 4 human chromosome 4 in a representative group of haplorrhini species (table 1). The mapping of these 5 probes permits us to test previous cytogenetic hypothesis on human synteny 4 evolution, and to analyse 6 markers order and intrachromosomal rearrangements. The results, compared and associated with 7 previously published data regarding HSA4 homologous in Primates, allowed us to propose the changes 8 that synteny 4 has undergone during evolution, with a special focus on Platyrrhini. 9 10 Materials and methods 11
12
Following the standard protocol (Small et al. 1985 Primates Post-hybridization washing included 50% formamide, 2 × SSC at 42°C, or 50% formamide, 1 20 × SSC at 37°C, followed by three washes in 1 × SSC at 42°C. The chromosomes were stained with 21 DAPI (4',6-diamidino-2-phenylindole). Primates metaphases fixed on slides where incubated in 2X SSC 0.5% NP-40, pH 7.0 at 37°C for 15 5 minutes and dehydrated in ethanol series (70%, 85%, 100%) at room temperature for 2 minutes each. 6
Metaphases were denatured in 70% formamide/ 2X SSC, pH 7.0 at 72°C (± 2°C) for 2 minutes; 7 dehydrated in a 4°C ethanol series (70%, 85% and 100%) for 2 minutes each. The probe was denatured 8 at 90°C for 5-10 minutes and hybridized. Slides after hybridization where incubated overnight at 37°C 9 in a wet chamber. After hybridization slides were washed in 1X Wash buffer (0,4X SSC/0,3% NP-40) 10 for 2 minutes at 72°C without agitation followed by a wash of 2XSSC/0,1% Igepal for a minute at 11 room temperature. Slides were then dehydrated in ethanol series (70%, 85%, 100%) at room 12 temperature for 1 minutes each. On the wet slides was applied 15 μl DAPI antifade (final concentration 13 0.02 μg/ml ) or PI/antifade (0.3 μg/ml), and a glass cover slip. 14 
15
FISH with HSA, FIP1L1-CHIC2-DDGFRA, 4p12 probe 16 17
Primates metaphases fixed on slides where incubated in 2X SSC 0.5% NP-40, pH 7.0 at 37°C for 30 18 minutes and a dehydrated in ethanol series (70%, 80%, 95%) at room temperature for 2 minutes each. 19
Metaphases were denatured in 70% formamide/ 2X SSC, pH 7.0 at 72°C (± 2°C) for 2 minutes; and 20 dehydrated in a 4°C ethanol series (70%, 80% and 95%) for 2 minutes each. The probe was denatured 21
at 75°C for 5-10 minutes and hybridized. Slides after hybridization were incubated overnight at 37°C in 22 a wet chamber. After hybridization slides were washed in 1X Wash buffer (0,5 X SSC/ 0,1% SDS) for 23 5 minutes at 65°C without agitation. On the wet slides was applied 15 μl DAPI antifade (final 24 concentration 0.02 μg/ml) or PI/antifade (0.3 μg/ml), and a glass cover slip. 25 
26
All digital images were obtained using a Leica DMRXA2 epifluorescence microscope equipped 27 with a cooled CCD camera (Princeton Instruments). Cy3-dCTP, FluorXdCTP, Cy5-dCTP, and DAPI 28
Pseudocoloring; merging of images were performed using Adobe Photoshop software. 29
30

Results
31
All the probes mapped in the present study and the taxa on which they were appropriately 32 hybridized are listed in Table 2 . Hybridization are in agreement with painting data regarding theorthologous to human chromosome 4 in Primates. The primates syntenies reconstructed in this work 1 have been done using the homologies with humans as reference. 2) The human 4 p-arm (Fig 1 e-h ) and F (HSAq12) probes (Fig 1 i-l 3) The hybridization of probes I, L, M, N was repeated on Saimiri sciureus (Platyrrhini) 21 and Pongo pygmaeus (Catarrhini) (Fig. 1 m) 
Sinteny 4 evolution in Primates 30
On the basis of previous molecular cytogenetics results present in literature, mainly painting data, 31
we reconstruct a scenario regarding chromosome 4 evolution in Primates (Fig 2) . The ortholog to We found probe A on apparent opposite location in the species analyzed (Fig. 3a) : in a terminal 28 position of the short arm (4p), in Catarrhini (P. other arm, q) in Platyrrhini (C. jacchus 3, S. sciureus 1, S. oedipus 7 and A. lemurinus griseimembra 9). 10 We show that both the probes map on the q arm in platyrrhini species; furthermore both in a region far 11 from their centromere position but maintaining their reciprocal position and orientation (Fig. 3b) (Fig 3c) . This data permits us to underline that there are exceptions respect the conservative status of 1 synteny 4 even in Platyrrhini. define the chromosomes rearrangements occurred during evolution in New Word monkeys (Fig 3d) . 5 We recognize, through classic banding pattern analysis (Dutrillaux et al. 1979) , a first genomic 6 organization of synteny 4 in cebidae species such as Cebus capucinus from which derived the others 7 forms by: a new centromere formation in C. jacchus 3 as demonstrate by Stanyon 
